Abstract: Forest biodiversity is an important part of biodiversity. There is an essential significance of studying forest biodiversity assessment for promoting the conservation of biodiversity and enhancing biodiversity management in China. This study collected forest biodiversity habitat area, output value of forestry and so on forest biodiversity assessment-related data from 2001 to 2010 in China and using optimal control methods in cybernetics to establish value assessment model of forest biodiversity based on the data of habitat area, as well as calculated the optimal price for forest biodiversity assessment. The result showed that forest biodiversity habitat assessment of the optimal price is 9,970 RMB Yuan/ha and there is a dynamic model for forest biodiversity assessment. Finally, the study suggested that studies of forest biodiversity assessment in China, in particular, studying of valuation of forest biodiversity should consider using shadow price and the social, economic and other factors should be taken into account.
INTRODUCTION
The study of forest biodiversity assessment can be dated back to the study of environmental quality assessment and Finland forest resources accounting by the Organization for Economic Cooperation and Development (OECD) (Jeffrey and John, 1997) .
The OECD has been studying the environmental quality assessment for decades. In 1993, the OECD developed a set of index system named Pressure-StateResponse (PSR) indicator framework which mainly detects changes of a variety of environmental impacts. In this system, human activities cause some pressures on the environment and resources, which lead to changes in the quality of the environment and natural resources. The actual situation of the environmental influence changes is reflected in the status indicators. The community's response to the state of the environment is to develop some appropriate environmental policies in socio-economic activities. Therefore, response indicators can be used to reflect the community's response to environmental changes, which includes environmental protection expenditure, environmental monitoring, pollution control costs and citizens' viewpoints about the environment, etc. The framework focuses on four natural resources: water, forest, fishery resources and soil degradation. The recommended indicators for pressure of forest resources, especially for forest biodiversity include population growth and environmental protection expenditures, etc., in particular, the timber harvest volume and forest timber production capacity recommended to assess the pressure of forest biodiversity and forest area, species composition, forest age class distribution recommended to assess the status change and forest management methods as well as forest protection statistics of relevant indicators recommended to reflect the response to the status change of economic activities of human society. This index system can also be used for an assessment of forest ecosystem services change (World Resources Institute, 1999 ).
Finland's first study of the forest resources accounting was on the basis of above assessment indicators recommended by the OECD (Hoffren, 1997) . The object of Finland's forest resources accounting is to carry out a different description of forest species diversity and forest ecosystems and to promote effective use of forest exploitation and utilization. Since forest resources accounting is a physical quantity which is limited as its quality cannot use statistical description and comparison of facts, it is impossible to form a health-related use of forest resources overall evaluation. The use of above impact assessment indicators can form an overall assessment of significant changes in forest resources and biodiversity. The early introduction of Finland forest resources accounting framework consists of four separate indicators and the general indicators. In these indicators, pressure indicators describe human-induced situation of forest ecosystem changes. Diversity index, species and ecosystem indicators describe how the state of forest ecosystems changes. From the perspective of social health development, using these general indicators can be able to analyze the development of forest changes, forest quantity, price and quality related statistics can also be incorporated into the accounting system.
Finland used the design of forest resources accounting quality assessment indicators calculated the changes of 1980-1996 forest quality general indexes. From the calculated results, with the 1980-1996 economic development in Finland, the pressure on forest biodiversity had changed, thus caused changes in the quality of the Finnish forest resources. These information has played an important role in Finland's forest resources management and biodiversity conservation, especially for the development of biodiversity protection policy making (Hoffren, 1997) .
Besides that, Pukkala and Kangas (1993) conducted an assessment study of forest biodiversity, mainly from the perspective of species, in which forest biodiversity was decomposed into a single measure of stand and the stand's appearance rate of sporadic, considered threatened and endangered species as a key assessment factor (Hanley et al., 1995) . Puumalainen et al. (2003) considered forest composition, structure and function as the key factors of forest biodiversity and determinants of the quality of biodiversity assessment and used these three elements and national level statistics, etc. to assess forest biodiversity in Europe (Ji et al., 2000) . In Ericsson, study on Sweden's woodland key habitat's forest biodiversity, they emphasized on the species and structural elements (Xu, 2000) . The author thinks that forest biodiversity assessment has uncertainty which is a typical "black box" system in Cybernetics. Therefore, using the "black box" theory, this study proposes a forest biodiversity assessment method on the basis of PSR and the results of evaluation of 1973-1998 China's forest biodiversity changes try to find some useful conclusions (Zhang, 2002) .
THE DEFINITION AND METHODS
The definition of forest biodiversity: The Convention on Biological Diversity (CBD) (1992) defined biodiversity as " the variability among living organisms from all sources including, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems". In other words, biodiversity includes diversity within species population (genetic variation); the number of species and the diversity of ecosystems (TEEB, 2010) .
Species diversity is the richness of animal, plant and microbial species, they are the basis of human survival and development. Species diversity is the simple measure of biodiversity, only counts the number of different species in a given region. Species diversity is an objective indicator of the richness measure for biological resources in a certain area. In the actual biodiversity measurement, people often simply use species diversity to reflect the size of the biodiversity (State Environmental Protection Administration, 1998).
Besides latitude, altitude, the size of the habitat of the species also has a direct relationship with the richness of species diversity, especially the distribution area and the type of the species under a certain latitude, altitude area are strongly related to it. Therefore, often using the size of the biodiversity habitat area established for the protection of biodiversity under a certain latitude, altitude simply to reflect of the richness of species diversity. Biodiversity habitat (Nature Reserve) includes not only "hotspots" areas established for the protection of certain species, also critical areas established in order to protect certain community diversity or ecological diversity, the size of the area can be simply to reflect the richness of biodiversity (JeanChristophe et al., 2010) .
Forest biodiversity also includes above three levels, it has a great significance and value for maintaining the stability and diversity of the ecosystem. Measure on forest biodiversity mainly measures the changes of species diversity and ecosystem diversity and commonly uses diversity index method, sometimes simple use of the biodiversity habitat or conservation area (biological communities or biomes) to reflect the size of the forest ecosystems diversity (Myers, 1988) . Methods and assessment model: As mentioned above, species diversity assessment is considered to be the center of the evaluation of biodiversity, however, accurate statistics of the number of species in a certain area is very difficult, therefore the size of the habitat area of the protected species is often used to simply assess the change of biodiversity. In order to straightforward evaluation of the size of forest biodiversity, we simply use the size of forest biodiversity habitat area to assess changes of forest biodiversity habitat area to assess changes of forest biodiversity and study of forest biodiversity assessment model (State Environmental Protection Administration, 1998) .
According to the characteristics of forest biodiversity assessment and the economic system of discrete-time equations (Zeng, 1995) , the method of minimum principle in cybernetics we used, forest biodiversity assessment formula can be simply abstracted as the following model:
(1) (Zhang et al., 2008) . Specifically, the forest biodiversity habitat area, forestry output data are from the National Forest Resource Statistics. Forest biodiversity habitat areas' annual increase, decreasing area, GDP, investment and income in forest biodiversity habitat areas are from the China Statistical Yearbook and China Forestry Statistical Yearbook. In addition, due to lack of statistics of forest biodiversity habitat area over the years, we use the statistics of the forest biodiversity reserve area in China instead of forest biodiversity habitat area and part of data are from some related study reports.
As a result, basic data of forest biodiversity assessment collected are showed in Table 1 .
RESULTS

Equation of state:
According to the data of Table 1 for forest biodiversity assessment, stepwise regression method can be used to estimate the model. Since the data of annual decreased area of forest biodiversity habitat area D (k) is insufficient, there are only annual increased habitat area I (k) and habitat area B (k) in the regression equation, the regression results of state equation are shown in Table 2 to 4.
From Table 2 we can see that the goodness-of-fit R 2 of the regression model is 1.000, adjusted R 2 is 1.000, which has a high goodness-of-fit. In Table 3 , F value of the model is 134,174.40, Sig. Value is 0.00, indicating that the model pass the statistical test and has a statistical significant, namely, the independent variables B (k), I (k) in regression model can significantly explain the dependent variable B (k + 1).
Thus, according to the regression coefficients in Table 4 , the assessment model of forest biodiversity is:
In the above assessment model, D (k) is not included. The performance indicators: As we know, there is a definite relationship between growth of forest biodiversity habitat area and economic development, in particular, there is a quadratic curve relationship between the annual increased area of forest biodiversity habitat and habitat income (State Forestry Administration, 2011) . According to the data in Table 1 , the specific equation between them calculated by SPSS software is as follows: According to the statistics of State Forestry Administration (2010), in 2010, China's forestry output value was 2277.902 billion RMB Yuan, of which forest cultivation and planting industry were 856.498 billion Yuan, forestry tourism and recreation services were 131.037 billion Yuan (Liu and Lin, 2008) . According to the data in Table 1 , from 2001 to 2010, the average annual income growth rate of China's forest biodiversity habitat is 23.95%, forest biodiversity habitat area will be 240,722,900 ha in 2020, accounting for 25% of the forest land area in China, the annual income of forest biodiversity habitat will reach about 475.506 billion Yuan (State Forestry Administration, 2007) in 2020. Therefore, in accordance with the biggest target in 2020, if 1990 is the beginning year, in 2020, yearly revenue of the forest biodiversity habitat in China will be about 475.506 billion Yuan. At this point, according to the equation of state, terminal constraints is 0.997B (k) + 1.015I (k) = 24072.29. Therefore, the performance indicator becomes:
The specific meaning of above equation is: in the constraints of Eq. (3) and (4), in time (1, k-1) , calculate k control variables like I (1), I (2), ..., I (k-1) causes the change of beginning state B (1) transformed to terminate state B (k) and make the performance indicators of (5) be minimum, that is, in time (1, k-1), have the minimal value loss of forest biodiversity habitat.
Calculation of optimal price of forest biodiversity habitat assessment: According to statistics of Table 1 , in 2020, China's forest biodiversity habitat area will be 240,722,900 ha, the maximum increased area of forest biodiversity habitat will be about 240,722,900 ha. Therefore, the equation of state of forest biodiversity habitat area is:
The Hamiltonian function H (k) is:
With the adjoint equation * * can get:
By the coupled equation * * = 0 can get:
Equation (9) be substituted into Eq. (5), we can get: 
Equation (12) is taken into Eq. (11), we can get:
Since I (k) ≥0, so,
Here, the calculated λ * (k) = 9,970 Yuan/ha which is the accounting of shadow price of forest biodiversity habitat per hectare.
Therefore, the specific meaning of the above calculation result is that the optimal price of China's forest biodiversity habitat is 9,970 Yuan/ha, also it is the expected compensation price of forest biodiversity protection in China.
CONCLUSION
Through study of the change of China's forest biodiversity habitat from 1990 to 2010, we can get:  China's forest biodiversity assessment model based on habitat area is:
Here, the goodness-of-fit of state equation for forest biodiversity habitat area is R 2 = 1.000, adjusted R 2 = 1.000, value F of the model is 134174.40, Sig. is 0.00, shows that the established model has a statistical significance. The performance indicator, that is objective function also indicates in 2020 annually incomes of China's forest biodiversity habitat will be about 475,506 billion RMB Yuan and the terminal constraints are 0.997B (k) + 1.015I (k) = 24072.29, which indicator that there is a value assessment model of forest biodiversity based on the habitat area in China.  Forest biodiversity assessment is inseparable from the biodiversity price measurement. According to our study, the shadow price (optimal price) of forest biodiversity habitat at national level can be calculated. This means that under a certain conditions we might be able to calculate the price of forest biodiversity and the price is close to the one of free market transactions. Therefore, in China, since market economy is encouraged nowadays, forest biodiversity value assessment should use shadow biodiversity price, not part of the cost price, which is neither in accordance with the economic norms nor the evaluation requirement of shadow price.  Forest biodiversity assessment should consider incorporating the social and economical factors. Biology, ecology assessment pays more attention to the impact of biological and ecological factors, such as measurement of forest biodiversity scales, types, etc. In biological speaking, those factors are mainly affected by climate change etc., nature factors. Besides this, the change of forest biodiversity is also influenced by investment and habitat management level etc., of social and economic factors. Therefore, biodiversity assessment should take these factors into consideration. These elements are the key factors in policy making.  According to different purposes, forest biodiversity assessment at different levels should be distinguished. Forest biodiversity assessment at national or provincial level is principally used for the biodiversity management or decision making, it requires understanding of the long-term trends and the influencing factors of biodiversity. Specific biodiversity assessment or biodiversity assessment in a small area is mainly used for research or comparative analysis. Since biodiversity will not change much in a relatively long period of time, forest biodiversity resources management will not have a big impact, but will have greater impact on biodiversity in a small area. Therefore, with different purposes, assessment formula and content are unique as well, so assessment and comparison without an object are not proper. Otherwise, forest biodiversity assessment is not scientific.
In short, this study adopts the difference equation and the optimal control method to study forest biodiversity changes based on habitat area and utilizes shadow price of resources, environmental economics to account for its price. We hope this study could promote the development of China's forest biodiversity management and have some reference for it. 
